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ABSTRACT 

A test was designed to measure whether or not tha 
child's conceptualization of space would demand that two topological 
properties of figures (connectedness, and openness and closedness) 
remain invariant when the figures were subjected to transformations. 
Ninety children, 30 from each of ages four, six, and eight, were 
tested. Six items were given to each child in four modes; for each 
item the child indicated a "most like" and a "worst" preference. 
Results showed there was no significant interaction between age and 
mode, that age had a significant effect on the "worst" preference 
scores but not on "most like" scores, that test mode affected both 
preference scores, and that for two of the test modes the mean scores 
based on number of times copies not topologically equivalent to the 
model were selected as being "most like" the model were significantly 
above chance means of all age levels. The conclusion saw that the 
results do not support the theory that topological concepts develop 
prior to Euclidean and projective concepts in the child's 
representational space. (DT) 
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A task Of mathematics educators Is to Introluco 

v-louo „athe.atlcaz concept. Into a co.Prehenslv. 

TOthematlcs program for kinderrarten f'iro, h 

't^^iten tnrouKh Rrade ] ? 

. . =e.uene.„, of these concepts Is sometimes determined 
2 .athematlos Involved, sometimes hv the experiences 

aee.ed appropriate for the studenfs needs In his phvslcal 
3"-ondln.s. sometimes ,v the cognitive readlness^f the 

Student, sometimes bv tr^^rT^^- 

•^es by trad.tzon and sometimes bv mere 

chance. in the case of peonetrv ^v, 

^^^^raetry, the sequence has tra- 

-t.onall. follo>,ed the order of the historical deveXop- 
-nt Of .eometrv, that Is, from Kuclldeap geometry to ' 

the more general geometries. 

Jean Placet [lii] contends that the child's co 
or space actually develop,, m rev^^se c' 



t 'onf)"i ar ■■.'-h 



t; Is 

He asG-rt; :hat t.- 



■ " - - con- 

tor. -„lcal conce, ts, then, are tne projective and 
Euclidean concepts. 

, -'-^^ -3 to test Pla.et.3 

hypothesis, as outlined in The Chi:]d.. r ' 

^^^^i^-^=^^^^-3_Jl£nceDtlon of 
^Pace, that the four^-ve^- ^i.- u-, 

■our yea. -Ola child's representational 

space 13 predominantly topological m nature. 

ORIENTATION TO THE PROBLEM " 

An-anal/sls of Plaget.^ experiments and those of ' 
His replicators concerning the child's development of 



■ concepts is th. subject nf 

However- , another paper. 

will Drove U3e.'ul "-."al bao!-.(;round 

u.e.ul for purposes of this paper. 

!tejaeaatlcal_n^^ 

0-inarll,, a person re.ar.s a transformation a, 
^ -an.e. ,n .athe.atlos a transforation .av be r a . . 
as a rule assoolatln. po1„,3 of a set X ..>b 
another set y ... . ""'"^^ 
i„ , / '-nsfor^atlon of special Interest ■ 

1.. the homeomorp.hlsm. ir = , 
exists h.f, homeomorphlsni 

ho.eo.orphlc- or topological!, equivalent. . popul 
"-inception about ho^eo.orphlsms Is tha^ ,f t 
a.e ho.eo.orphlc (topolo,- . =11^ e. ■ ^'^^ " '™ 

1= possible to .ef or™ . '"^ ^^""^^^^^ ^ ^^''^ " 

cicorm one rr , the other bv ,„iu„,- 

bendlnp:, stretchin- , and . . ' ' 

tear or break Thi - • • 

This IS m .rror. Ho...,eve • , 
Is true. That is , ^ " converse 

■ a transformation ..„hlch Involves no 

more than pulling h= 'oives no 

stretching, shrlnWn. and 
" eeneral, shape distortion -Is a h 

" -t r can be Obtained b Thus 

onaset X. X anr , '^"^ ^^^^ - 

.or purp *opolo,icallv eoulvalent sets, 

or purposes of this paper, this Intuitive notion of " 
^eomorphlsm and topological epulvalence .m 3uff ice ' 

- - an sta^da • 

topoloE.v textbooks and there i s- a r 

-nt in the August ^eot b "^'^"''^'^^ 

' -Pte^ber, I960, edition of Th^^^erlcan 



^5ical 'property if ^.^y ^c^t 
set X possesses that ^ ' ^°-°--P>^lc 

tnao sane^ property m,,. ^ 
.properties are thn^-o " ' ^opolo-ical 

are those properties of a sof • 

invariant under hnr-. " '"^ "'"^'^^i" 

•^ncier hor.eomorphisms . 

Some examples of tooolo.icai 

°f a set, exterior of , . . ' ^''^ '^"^^^^^^or 

^ °f a set, boundary of a 

eciness ("one-nipr^. f'-onnect- 
V piece— npc'c? 

"^•^s ), and openness anr^ o-, 

Some exampipc:: 

Of angles. ' -ize 

Contrasted v/ith the t-^.m • 

— pa.,.o. ...T ' - ,.,anee., 

- - -'-o. .«s , result It ^^ , 
serv. Shape and size " P'''^- 

ca.llec ..rl,ia .„ti ■ , *''-=^°™atlons are also 

' n,otlons... A Euclw.an propertv 
A is a nronpr-f,, "perty of a set 

Propert.y preserve, by , . 

The Euclidean Orope.M *''a"sfor™atton. 
properties v;in inr^ii,^ 
lifted topological n ^" ^""^^ 

Properties as well as th 
cglcal properties cited , "on-topol- 

°- "-e .or. a su.s:t o t " 

---«.ure. .ote t Jt tV 

T'nat the DrocerMpc ^ 

- partitioned into Kuclldean^ t : ""^^ 

cate.orles are not Is r^^T 

be meaningless to state th.^ 

figure or a Euclidean fig,,^,. e a. a topological 



\ 

Pia^et and Tnheldor fi in u 
hensive theory of , -bribed a compre- 

^-ory of the child's conceoMon of 

-^.^estthattheeh.Ud.3n..tc ^ ^ 

-^uJoical ones. The theorv • 

-jeory IS consistent wifh p- 
c^evelopmentaT f-ho • Piaget's 

ntal theory and m particular with p-- 

I-helder, and S.e.lnska's Ci^] rin,. 

Child's concept r ^once.nin,, the 

concept of measurement. m thi. 

The tran-^1.- ^''^ ^"^"^■'^ 

Eucu5^^;;^J-- f-^ -Polo,l^.al relations to 
the eIabor..i?on r\^i^ , effected .xt^- 
distance and c ipe c'- ^nf-r- "" concepts of 
ppnents are si:- ; ..\^Le.,.s -i'^^'^' ^^^^^^ °evel- 
p. 3923. tneir occurence 

P^-ap;et'5 notion - concept - ^ . 
fr-on that held bv -^^lere 

A brl - co ,.-^^-^- , . ^ ' ■ ^° -:^ind 

^i-^--lmlnatlve resoon. ^^^^etian and the 

response versions with resoect to 
mental variability Pnd . ^nviron- 
i-^ity and content follows. 

Environmental variability can b. 

ability «lthln ... ^"-5 

'-^"SS C6]. The first type conf.n . 
one with oroblems „f „ confronts 

of similarity and dlfferennp h . 
similarities an^ ^-^^ lueience, but the 

les and differences are th„= 
discrete Objects .h -Patlally 

formation on ^r. u • trans- 

an ob,,ect. Consideration of the first t ' 
or inability ,.,111 determine whether . 
Will remain 1„ that c. " " 

that_class after some change, .or examole 



a. vehicle may be classified as an . . 
it ha- . automobile because 

It ha. selected similarities v;i^h ot-v, 
. , other automobiles 

. ana a^ffer-encos fro. no„-aut.,o-olles „ I' 

- painted, wrscked n- i, 

^" automobile to the child, ■ 
-Id be answe^ed on the b,.3 o/ , 
^-^e ohlld.3 .noent. , ^ 

- -needed h both t.es 1 , . ^ ""^ ^^'^^ 

--..tlontas,3, ■ ■ ' con- 

Just as th- re ar'^ - 
conce^nt has two -'--f^ ^^^i^.V 

criminative • ^ ^ ' ' ' 

it^elf -Mi-v " one concept concerns 

-th the. realm of objects that the c 
to or denotes. .,.3, , . Points 

-nese exerolars of fv.^ " 

^^hat is called th. . " constitute 

called the extensive content. But Pi. ^, 
servation problems are r Piaget's con- 

ua.cias are concer>ned wifh +.u 
Of intensive content . , assessment 

content as well as extensive content ^h. 
intensive content corresponds to the 

' ^ common feature^, 

connoted bv ^11+-- -^^rctuures 

DJ ail tne exemplars o^ . 
i-u ,-. ■■ concept. T^o Piao-pf 

the "intensive bontent ^laget , 

^unuent of a concent i c ^i 

- the transformations that leave" it , " ^^""'^ 

- — - . -hen the Intensive ^ " ' 

- Of transformations that lea ^ 

- member of the class „e h 

-.eh properties are regarded critic 
to the concept [6, p. .gs,.- ' 



^o..at.o„, ^^^^^^^^^^^ ^.^ ^^^^^^ 

■^matician Felix Klein. 3n IR7? 

or thn.. P:eometry is the study 

or those properties of a y u- . 

wh.. w invariant 
when the elements p v 

°' ^"-^ -bjecte. to the transfo.- 
-txons Of so.e transro.„ation ^8, 70] 

— ion., p,.,3t.. KXe,..3,aovetaU n.oe;. 

ana have appeal as a n,ean3 of stu.,.-, t 

-•• :^--ace. 

IS contrasted with nerr^^n-n^i ' 
Percentlon i f-v,^^ i 

ing rrorn cUrect^^n^'S t^f t\°t'hf '^^ ^^'^ 
this, representation o; In- In^f^* ^' ^''^■'^alnst 
the evocation of ob?e?fs ^n'^ih^^"" involves 
when it runs oarallel to i ^^^^ absence or, 
presence. It ^ coSni JteJ hp ^ their 

by reference to oM^nt! P^f^eptual knov/ledo-e 
Cl^ p. 171. °^.l=cts not actually perceived 

To illustrate, very young babies can di^tino- • ^ 

clr-r^mn u ^i-tmguish between 

circular shaoes and tr-i^^r, t 

'^"^^^^^ Shapes, but it is not 
until much later fh^^f- +-v.^ 

to themselves in thought [10, p. ]. 

Representational space grows as a result of 
7ai-T^v, ^ ■■ of orfi:ani- 

-.on Of actions perforce, on ohjeets In spaee. ,t 

--t these actions are sensorimotor m nature, .hev 
overt actions an. displacements until the. reach th« 



= '«t- Of Internalize,, notions The 

-^"bollc function 'Wearance of the 

lunc.ion, around the of i-„ 

to act not onlv . " 

only on objects vhleh 

Physically present but -n-„ ' ""^ 

^= only imagined. ^ ' ^ -^'^^^ 

not merely a recall r * ^^e.itation is 

recall from a memory bank. jt . 
• -construction of an object at tb 

ject at the symbolic level 

Of °" -P-"osentatlona : 

- - -ult ,,oula be oulte different fro. Z 
child. That nf a 

Of .he adult ,,omd be the .esult of 
of activo . -^ouit of vear^ 

^ot"e manipulations of hi., spatial ■ 
Child has not yet expe ■ -""™nnent. The 

y^-t exper.-Lenced such active „ . 
Thus representational space Is th -'"^^-'l^^on. 

snapshot" of the e • Perceptual 
°i the environnent 

^o su...arl.e, representational space in th 
develops slo,,ly, be«lnnln. ,.,i,h the d " 

function at about a.e t " 

function allocs crude mt " = 

— nternall J : ^■^""^'^ - — 

m thought, and can b 

Of actions. into systems 

i^iaget, m The Child'., p 

-aces this deyelop..„, pT::::?^^^''^^ ' 
-serts that, the child ^"'^^^^^^^^ 

--o.lnantly topoio ^-ce I3 

--■oJ-cai in nature nnfii ^- 
Of age. The represent . . ^^^^out six years 

-presentational space be^-ins to . 

^o-i-ns to expand 



t° include projectlv. 

S-'-x or- s^^trov, -^'--an concepts n-- 

- seven years of an:e . 



^Hli: CURREUr? STUDY 



'''' discussed above acc 

- ^^^"t aspect Of concept .tt • ^" 
invariant "Attainment to Pi. . 

-'-"^'^ to measure „heu,er o/ ''^ ''^^^^^^ 

'-"—nor 3p.ee -"-^ ooneep. 

fiKures remain Invariant k " 
-^Jec.e. ,ran..o.„3„ " 

«e. .e.ee.e.r :-,"^^'^'-"^-— 
"Pennes. an. elo.e.ne.. ' '"^^^ — te.ness 

^" '°-io,,v an. because a= a "''"^"^ 
textbooks. •"^'"■^ elementary school 



TheJTest 



^he measuring Instrument Is , 

^PPen«.). ,„„3,,:™^°^^^ - "ems 

--r,iue. to ;;rr^--- --ei,.,, 

'M""^ -sonlte, an, three c ""^-is'^th l„eh 

-a"ner as the model. , ^^'"e 

-^'^i drawn or n^n^ 

■ "^'h solder, and 



presented on 5 x 8 noto==,,. 

Cocy 1, . , ""^ nasonlte, respeotlvrly 

no^eonorphic. or tcnolo^icali,, • 

copies B pnri P 

-any Euclidean prope-t-^es ' ""'^^^^^ 

- ..a. t.ey;:ye : j " " 

— p.r«oui„ topolo.^al '° 

poxo,,i^al property whlrh f-v, 
possessed. Thus copies ^ ^n. . 

such as stralp■h^ " ""^^"^^^^ Properties 

straightness, curvatures, 

angle size wh. " ' ^ '""-^h, 

whereas cooy a f-^n. . 

P-Perties of the nodal " ' ^ "'^^^ 
— the topological p' " '""^ '° 

a y..ia«::; rr 7--- - 

---3 or openness and =lo3ed.es 

- the „odel ....3 ? 
alent. Thus the .odel " '°™-".V e.ulv- 

Pos,ihi= — ---^ represent the widest 

POosaole topological varie'.- . 4 

test. In addif-.- ~ ^ ''^^ i^em 

addition the test includes both 

non-s^etric .i,,.,3, curvi...... , '"^"^'^ ^ 

- ^everal variations on o.:;.: ^ 7"""^^ ^ - 

- ss and closedness. 



5:iJe__Sampie_ 



=an,pie consisted of =., 3ub,ect, . 
°' a,es e, and 8. ,t each 

«ere selected . '""^ chUflren 

^«ted randomly, „lth tp« ao-e c . 

--e sources. .,3 . and S yea:!: 

' °" composed 



Of =hixa.en r.o. a r.r.:. oou.t. se.ool . At.en. , aeo^.i. 
Private aca.e.v, an. an .t.ens puWic scHool. te. c.U..en" 

was composed of chlldrpn ^^r.^ 

cniidren -on two nurseries and a dav- 

v'lth .ega.a., an. race, .ean CA „a. 58 .onth., fo. 

the . yea. ol..., „ ,o„,hs fo. the 6 year an. 106 

v-e Chosen conolaeration .i.en to Pia.efs theory 

Of cognitive development to reflect behaviors in succes- 
sive stages of developmsnt. 

Administrate nn 

nurlns personal Intervle-.s the model figures were 

Child. As a mo..el figure was presented to a child for 
examination, the child was encouraged to re^emher the 
-del because It would be ta.en away. After the child 
had examined the figure to his satisfaction, the model 
was taicen away and the child was confronted with the 

the copy "most like" the „od.l and the "worst" copy 
Of the model. 

The test was administered In fn,,r, m ^ 

btered m lour modes In the followlnr 

order to each subject: 

, tl=^^J?„rc;^L%'^°" °^ --"^ selec. 

' tioTlUHoS^sl" °' -''^1' *-tlle selec- ' 



(3) tactile oxarninn t o-^ nn.^«-, 

tlon f>^o:n - "'^^'"-^ > viruial nelec- 

.'fei?"^^ ^'^^"^1 ^'elec- 

Durlno" f- h 

portions of the test ^'.o 

^ i^ebr the Guo,iect 

wore a blindfold. The te-^ ^r.-^^ 

^ne te.,. nories v;ere acL'Tiinlstered 

Because of the ^1r>^^+-r^^ 

Ixmted attention snan of the children 

It was necessary to administer th« te^^t m . 

, ^'-'^ sittinp:s. 

-^e. (1. ^^^^^^^ ^^^^^ 

-sslon ,.,hi=h lasted app.o.a.a.el.v 25-35 .Inutos. ^he 

remaining two modes, (3) ann rii^ 

. ana were given durinp- 

a second session which usually lasted is pr • 

,. xdi-tea 15-2'j minutes. 

I" no l„3tan=e ,,e.e sessions .elc on ..e sa.e .a.v. 

-Cn addition to cir^i 

selecting: conies "most 111,3" the 
n-.odel and "worst" conies, ^■ 

-opxes o... .ne model, each child was 
asked to draw cooles of t-h<. 1 ^ 

of the last model examined m the 

tactile examination - tactile selection test and in 

- ---e-Mon test, .Odes 
(1) and ,0 .espectively. PoUowing the selection of 

the "moSSt Jike" anrl +-V,^ ir 

-|--L>^e and the "worst" for all -1+-^ 
. °^ all items m mode 

U), the last .o.el examine. .,as presented to the ohll. 
a.ain ro. tactile .e.e.a.lnatlon . He ,.,a3 as.ed to a.a.. 

"""^ -ploPatlon. „.en the ehU. i„«.ate. that 



'''ished to feel th^ 

was allowed to -.f-.,. . ' ' -^'^^"^ ^^.aln, he 

=u CO stop drav/ino- -, 

-^i-^inR, replace the ma-i^ 
the firrurp nn^ fnaoi<, and fee-} 

once more, comn 

could then r^ni^p 
co.mplete his dravn-n. k ' n^ask and 

'-n,s. He was not allowed tn • 

«el .ntU ,,,e. Ms d.. • ' 

co.plet.ton or th . ^''"^ ^^^'^^^^^^^ ^'^---^ 

^^'^ "ortion Of th. . 
^^-Ud .as also asked to . • °' '"'^ ' th. 

had viewed ' '^'"^ ^^^^ -^el he 

in preparation for drawin. 

the.odel. Hew.sal. '"^''^"'^ own cony of 

./as allowed tn 

^ . out ,.he model waq n^^- • 

''"-in. the actual drawin,.- " " 

^" outline Of the adnl„ist..tl„n of . 
*he test follows. ■ °f 

• that , pl'eiu°;'e?™?of -'l^f *leh'a?e'co\^le"f o"? 

— - 1 J-t I'nft ^n^,''^^^^* °--on1 

5 X 8 ea« ,,lth " 
°" It (models to r^esente'd ^'^"''^ 
..r„ , r-"-<^sented m random order 1 

Look at this ni^f. 'uer). 
" looks I'ny to remember ,.,hat 

«'-a.v 30 that ,you'Sn?t'se'e f?\"« *° f^''^ 
Wold model 1n ,r-t 
... J^^e c,i, ^ n view -tli ..Id is satisfied, 
mndii present the ^^^^^e model- 

?hf ^ach on seoarate l i t the 
Jhe display of the nnnf ^ ^ ^^rds. Varv 
that copies A, B and c'f °" "^^^ item s7 
the sa.e relative position's'. 
"Now please tell mo 

-fS "^-e tha?^p\p,Sth - Of these .s 
the „5?Ht-^,."'"W=h °ne do^irt\l„",fJ_J« 
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'i^r^ p1:ae"r?,?^\^%" ^1"- response. 

f you think yoi°re ?ead? In^■^';''■^''f 
' VOU can draw voi.r ni„; " " ai-'a" 

- -nt oenoll »„d^r Pioture rlc^ht hero." 

one Hore tl„e If you Ll^t^i""' ^' 

one e.r.ed aho.e. appropriate ad,„..en. ^ade^ 

for the particular mode. 

51iiSt_RationaJ^ 

Since the model figures ^r^^ ^ 

^F.nres are not available for exim-\n.^- 
either tactile or visu.1 , , examination, 

orth. . ^^""^"^ .....lection, 

the ''most like" ^nd -v,^ -i ' 

ixr.t, ana uhe 'v;orst " 

It IS necessary for 
^^'^ to reconstruct an l.a.e of the „odeI m hds repre- 

-ntat.ional space. The reconstructed l.a~ Is the 

t-A ^v,^ . J-mag.. is then compared 

r"°""- represent results 

transformations on the ™odel. Cop, . . 

a .o^eo^orphls. and hence preserves all topological 

properties Of the „oael. Copies B an. c preserve ^s 

properties „hlch the .del possesses 

Placet n'"""""" " "^""^^ - -t ■ 

rr " = e sa.s ..the 

topological relationships 

to H ** universally applied 

to all shapes, and in the case Of 

c^ase Of conflict prove stronger 



the sane - 
ana ...u,.,, P-'ec«.e 

"".^h-.p, oerm to develop Anrln. 
Stase "representation ,tlli . 

IV 50] or ^-'.entlall., tooolo^lcal 

3" J- or the Staje t fhiiH,. , 

- ^''IWren (about - ii-ni 
• reported that "the f.at„r» • • 

and foremost m whether a .hane is „„ 
Closed, and also ""^ "'^ 

0^ outside the Closed inside 

"°sed nontour [6, d. 6n " r 

an<< Plrard reported that t.^ohUd'.h T 
haptlo (taotllel ' """"^ 

(tactue) perception task to IdentJrv a h 
has felt prefers a shaoe . "'^ 

Shape noneonorohlc to It rq 
' on. Hot until sta.^e ttt ■ 
7.p , (beemalng about 6-6 or 

7.0 years), they concluded, do "dlst, 
the ^hii^ ' ''""""ions made by 

tho Child go beyond the ele-=nt=rv , , 

-ocessess to be linked 

linked nore and more vatb fh. r . 

Characteristics ... ,3, p. no, V """^^" ' 

-e —ts reflect Pla,et.s ,ypothesls ■ 

-~atlW space of the child I3 f,, , 
topological m nature' rlate,,.?'- , 
'eu.h , ^'-l^'-'^-^eveloping to Include 

tuolldean concepts ir t , 

before PucHd ' -"-pts develop 

ciore Euclidean concepts a-d 1^ i 

formation Is critical m " ""^ ""''^^ ' 

iwcal In concept attainment it 

reasonable to expect children fron the f 

a.= .roup to designate the co.: hVh 

^—ent to th. .odel th " '°-^°«lcally 

.3 W like" the'. " ""-"-^ 

iiKe the- model, sinc-e hnfv, 

oxnce both copies B 



ERIC 



^--^d C lack SD-cifip i 

™^ -,ouU expert the s........ ' " °^ ^^e , 

- ^^^^^ ;::;::v""--^ 

=-'>l".e„ to designate coo- b o ' ' ^'"^^ 

' v,:ou.ld seem . " ' " ' ' '^^^ ^"d copy 

seem reasonable, 

Assign 
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3tud:; utilised a n^xed de- 
- one .......3,,^^^^^^ _ one 

variable is prro . ' '^^'^^^^-sub jects 

IS age and the vif-h-.- J«cus 

.«nce ; ™le ,3 test 

•eciric age grouns are nnn • 
^Pec.a. te.t,„, ,0,,, --.ni.at.on 

^'-o^ Dotn a^^e ii^nri 

fixed factors a di ''^"^ ^"^^'^ 

• ciiagram of thr> ^ ^ 

i-^ Table l. ^^^'^^^ is presented 



Table i 

design Of the study 

Testing riode 
-12) 



- ' o 

indicates subjects P. to 



^31-60 
^61-90 



Da ta Analysis and Results 

The test consisted of six items p;ivGn to each child 
in four modes. For each item the child indicated a 
"most like'^ preference and a "v/orst" preference. Thus 
each child received two scores for each testin,^ mode, 
a "most like" preference score and a "v^orst" preference 
score. Both scores have a range from zero to six. 

F^eans for both types of scores were tested against 
chance means by usinp; one-tailed "t" tests. The chance 
mean "most like" prefer-^nce score is four and the "worst" 
preference score chance mean is two. "Most like" scores 
sir>;nif icantly above chance scores v/ould he an Indication 
that the child's representational space is not predom- 
inantly topological in nature. "VJorst" preference scores 
significantly above chance viould be a somewhat stronger 
Indication of the same thing. For hiD;h "v/orst" preference 
scores indicate that not only were non-homeomorphic copies 
of the model considered "most like" the model but also 
the- homeomorphlc copy v/as considered 1.0 be the "v/orst" 
copy of the 'model. Actual mean scores and their asso- 
ciated variances are presented in Tables 2 and 3. 

For the test modes .(3) and (H) ^ mean scores based 
on the number of times copies which v/ere not topologically 
equivalent to the model vrere selected as beinp; "most 
like" the model were significantly (oc.Ol) above chance 
means at all ape. levels. In addition the mean score 
for the'k year olds was significantly (p<.05) above chance 
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for .Ode (2). ^he remaining n.e „ean= ba.ed on the 
"mo.;, U.C' .iterlon v,ere not significantly above chan.e 

.cally equivalent copv .,a. selected as the "worst" copv 
Of the Model were significantly (p<.oi) above chance 
. ne.ans for Modes („ and (-,) at all a.e levels and for 
"Odes (l)and (2) for 8 year olds. In addition the 
.ean scores for the 6 year olds ,.,as significantly above 
Chance (p<.05) for modes (1) and (2). The only .Vorst" 
preference score means fallln, to be significantly above 

chance at either the OH „r oi i« , 

.U5 or .01 level were for the four 

year olds in modes (1) and (2). 

in addition to cor,paring „ean scores to chance 
-ans, both "most li.e" and "worst" preference scores 
-ere subjected to analysis of variance. Por both types' 
Of scores the contrast was age k test mode. The ANOVA 
information is reported in Tables I| and 5. 

An indicated by Tables 4 and 5. test mode was a 
Blsnlficant source of variance for both the "most life" 
and "worst" preference scores. That is, the test mode 
had a significant (p<.oi) effect on the means of these 
scores. Age had a significant (p<.05) effect on the 
"V'orst" preference scores but not on the "most nice" 
preference scores. There was no significant interaction 
between age and mode for either type of score. 

Since the F-ratlo's indicated significant differences 
a.on« the mode means for both types of scores and significant 



TABLE i| 



•Source of 

-felafcion 

Betv/een R 
A Cage) 



^='-^==^====~^2ce_ J5 c c re s 



M.S. 



2 



R/A (residual) '^^^ 
Within R -'-^o ^eat 

'"'^ (mode) 

AM ■ ^ ''-"5 - 21.935. 

(residual) ' ~ ^'^OO 

. --^O" No Teat 

^*.0l level Of significance 



TABLE 5 

A ^^ AmVA for Worst 
£^erence_^ores 




Source of 

Betv;een R 

A (age) ^ 

R/A (residual) ''''^^ ^^'^^^^ 

Within R No Test 



f'l (mode) 

3 

AM 

^ 1 •?72i 

WA residual 261 



^•^'^ No Test 



^evel of significance 



differences a.on, the .ge^neans for the ■■..-..t^. prefereno 
3core, Duncan's ™:tlple ran,.e test ,,as applied to dete^- 
nine Which „eans caused the differences. Results are 
displayed in Table 6. 



TABLE 6 



Differences Indicated By Duncan 
Multiple Range Test^? 



a, 



Mode Means: Most Like Preference Score: 

(3) (4) 
5-_Pl6__ 5.007 



b. 

Mode Means: Worst Preference Scores 



c. 

Age Means: Worst Preference Scores 
Age i| Age 6 Ao-e 8 

^•Any two means not underscored by the sainp 
line are significantly different 
means underscored by the same 
_slgnificantly different? ^'"^ 

The analysis of variance indicates that test mode 
effected .the children's ".est like" and 'Vorst" preference 
sco.es. When children chose by using their sense of 
sight, their respective scores .ere significantly higher 



t'^a^ their score, where -n. 

to the model as - ' •^■'"^"^•^•^ equivalent 

as the "worst" codv i« 

older children. the 

An important question u "r. . 

- -^^--.3 h.pothes.s t.a^ -ese results relate 

tnac, touolop-jrai r.^r^ 

P-=eCe. -Euclidean and „.o-VcMv ^^■"■^^-*-"°n 

- e T:ne analysis vieiri- 

- the ..i,,...„, ; : ..a. 

01.. 3a.i„.. .0.010.1 — 

^odel in their selP " ' P-^opertles of the 

selections as freelv ^ 

— a,e«.o„, a. o: '^7^-^ 

0-.- .a3i3 or PI.,.:: 

levels. below ohance 

Hov,ever, the Dunoan '3. r.,mti„, „ 

the four year, old, =ho„s 
year old3 more reluctant a, = 

-Py v-Mch 13 topolo^loaliv e 
a3 the ..„or3t" .„ equivalent to the ™odel 

'Oi-st copy. If the reo^e^en^ 
the four year old , ep_ e3antat«nal space of 

■copy Of the model as th. ' equivalent 

"BJ. a3 the "worst" codv n t 

the mean .cores In Table , . 

, I-aWe 3 3hov,s that the "„or3t" 



nreference 3 core means for the four year old frroup are 
at or above chance' levels in all four testlnn; modes. 
The means are never belov; chance levels as v/ould be ex- 
pected If the four year old's representational space 
is predominantly topoloRical . Thus despite the fact 
that the "v/orst'^ preference scores for the four year 
olds tend to be lovier than the same scores for the six 
and eip;ht year olds ^ they still are too high to support 
Pi age t ' s theory concerning spatial representation. 

Analysis of Drav/inp;s 

Each child made tv;o drawings. Drawings v/ere first 
separated accorMnf^ ,to the sensory mode used for model 
examination. Then they were separated according to 
item number. Finally all drawings were evaluated by 
two independent judges and placed into categories on 
the basis of properties of the model which the drav/ing 
exemplified. These categories are: 

■ Non-Homeomorphic Drawings 

(1) No discernible properties , 

(2 ) Some Curvilinearity , 

(3 ) Some Recti linearity , 

(4) Quasi-Projective copy; 

Homeomorphic Drawings 

(1) Topological properties only, 

(2) Some Curvilinearity, 

(3) Some Rectilinearity 5 
(^) Projective copy. 

The tv;o major divisions are based upon v/hether or 
not a drav/ing is topo.logically equivalent to the model 
which it represents. Within the non-homeomorphic draw- 
ings of the model, cases v/here there was no drav/ing 



attempted or where the. 

'nere the attempt result a.? .-n 

Place. „„„ aueernt," """" 

were beyond mere scrlhhi^ 

oc. iDDie and which riicrNi-^ ^ 
some elements of curvi i-,- displayed 

curvilmearity or rer-m 
Placed into cat... ., . '•eo.xllnearlty v,e.e 

non-ho„pMo ■ ■ ..il ^ -=P«tlvely. „f the 

It is important to note that the classlfi ^■ 
°f drawings 13 based unon the "^^^"^"ataon 

•'Moh the drawn. °' 

nrauing preserves a ^ 

=-vUlnea.lt. „hUe the ^'"""-^ 

hUe the corresponding model has no 

=™noarlt. „ould not be Placed int t 

into category (1) , -*-ate,or,v (a, 

y <1^- A similar statement anm . 
rectllinearlty. Thus the cur.liinearlt. ,t ^ ' 

applicable to the strlctlv rectlll " 
»"ael fi™,es r,, -=tilin3ar models sach as 

-tegory is not applicable -to strlctlv 

as model (6) Kod , . --"Unear models 

'■'°'*^1 «SUres (2), (3, 
tain elements of both 

' both ourvllinearlt" an^ 
^^or these models, the --3 ' -^^^Hnearity . 

> some curvlllnearitv" c.t 

subsumed within the category is 

the some r-ectilinearltv" catPo- 
is. Placement of 0 . " ^^at 

of a drawing into the "some recti 1. 
--.cry may be interpreted that the drawin"^"' 
-ates some curviiinearity. While such ' 
could -have theoretical ' " • " ^"^erpretat ion 

wellinoracti ed ,uite 



■ ■''■■''■'^'^ Properties onlv" c^i-p^-. • 

resemble oonv A of i-u ' ' cIravMn-r, v/ould 

. - u L T^ne model . 

-^^u as ProJoc^1 v/^j' 
respective node!- . '""■-^''^ t^Gir 

°fthe.odel. In,dd>-'"' ties 

addition, straiphtnes. - 
intersection o. Une^ ' ^^^^^-^ture, 

- -t-ineo, convexity an^i 
number of an^i.. ' "''^ P-^esence, and 

are preserved q„oK 
properties as oar.Ue^i. ' ' ective 

■ arallelism, anp;le measure pnd i 

are not necessar-n,r ^^"^^^^ 
ceosarlly preserved bv these drawl n 

- a strict mathematical sen^e ''''^ 

^-L bense some nf* 

are not true projectlv. ■ 

wojeetive copies or thel,. v. 
the term ■proJecMve. , =^-=P«tlve model.. 

jective- „,,as considered » „ . 

^^"^ - =-,0,. ....31-pro e t :: 

-description or„.o,ectl.e copie ^ ^^'^^ ^" 

r^^-^"^ - .e to oil : : -^-^ 

'0 their resoeotl.e .odeis m th- ' 

"Pies B ana c used i„ th= . ■ " """""'^ 

" the administration nr 
°-'in,3 tended to Improve as the 
inc-e..sed (see TaPles , and 8) ' " '"^ 

Olds hasea on ta.tUe e a„l t 
■■"on-homeomorphle dr.«n,s» eate.or. ,ot " 

-31S the. rep.esent. ■ on / 0 ™^ ' 

~..ra>.,ln. .sed ~ 
fell into the -non h ^^-amination 

non-homeomorphic drawings " c., 
\ catecrory. j^. 
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contrast to those of - 

'■'i cne ...our venv nirir. 

. .\ear olds rl-; ,-jo1tv.~ 
. '-Piay.r an ability to dra'v 

Projective copies nf f-K 

upxe.-, o! the models Tn t 
it 1" H . In light of this ahUn.^ 

tha., .aven the opportunitv .1.,,^ 
year olds could have seV.t^d n • ' 

.u_.ected a projective or Euclidonn 
cooy as "mo:;t like" , uciidoan 

x.Lj_a ^he nodel fip;ure. 

This h-T>othpmo •? 

■ : othesis 13 supported bv the ^ 

fact thai- qo 

i^oj-cri^e, copies followinp; the vic^,,.-, 
of the test. That the . 

n . ' " ^'"^^ non-homeo.orphic copies 

as ''most lil^pf t-u^ ^ ^^pxes 

■Wst" '.o„eo„o.pMc copies as 

copxes Of the models .ore often th.„ eh 
that even thou.h thev posslblv „ 

^cth topoxo,no,l "'"^"^ ' 

l°<..ioal and non-topologlcal properties th 
preferred the oople- to h Parties, they 

'"^ to have the rectHlnearlty and/or 
curvuinearlty when forced ^- 

Of t. ■"'"""^ properties 

Of the model. 

Drawings of the four year old^ 

o f " °' '^^^ ^^ter th^ tactile 

portion. Althou;,h 60 perceri- of ^H . 

, percent of the drawini^s were stnV 

in the non-homeomorphic category the 

^^^""^ ^'as ii^provement 

in representing sorne discernible 

^-j-^t^^rnibie properties of f-v,^ 
However driwnn^ models. 

' dra.mgs as analysed m this studv d-. 
thnt fh^ not indicate 

-P--ntatio„al space of fp,r year oids ,s 

~„antly topological m nature. 

Additional comparisons of the drawings of i 
Children With their select, Individual 

selections of -.ost lite" and "worst" 



--•■^ the p.irticular r^oiP^ - ,,v,- u 

■ onc^. which thev dpf^v ^ 

••^m- rij/oothesis. rt 
i . n^. . . at-,ention to tonolo,- 

he -o:nor . -^hildren to draw 

j...or,.V:ic copies. Tt r-,MT.i ■ 

could 08 instead thp Sv,. 

<inar.on of Euclidean or Dr.oTeo^.• 

-"^^°P-^ties Which 

.cos ...e homeomorphic drawinc.. p 

_ ^^-i-^ln^^s. Por proper coordi- 

Jn ox projective DroD-r^^«c. 

■ '''^''^'■^^ ^^^ults in auto.-^atic 
at.on Of topological properties. 

CONCLUSIONS 

Attempts to confirm Pian-.f - 
. laget o theory of the child 

conception of^ snar^. . 

■ ''"■"''•^ ^^-^^'^ the form of recli 

cations. There have been few ouestio • 

Questions raised abont ^y.^ 

appropriateness of his tas'.-^ . 
■ — pts. .eolicat ^'^-^^ " ~ --^-^cal 

' -P^-ators such as Well [91., Dodwell f^l 
Laurendeau and Pinard m . . n ' ' 

, , ^"^1 f^l3.] vary Pi^pet's 

tasks only slio-htlv n • 

.xi,,ntly. Consequently the fn-- . 
„h+-- • that thpv 

obtain results similar to Placet'. . . 

^^laget's should not be sur 
prising. ReDiio.-.^ ^~ 
'^ypiicaulons are necesq^r.^^ k ^ 
^ ecessary but cannot nrovide 

information for mf^Wno- o- ' 

making generalizations. They canno. 

..J^ Phenomena observed by Piapet ar. . , " ■ - 

^ laget are task specific. 

- y TMs stua. „as an attempt to oro.l.e s.oh 

=M.. .ep.e.e„.a..„a. .pa 7^^"^ ^" 

^pac- . none of the mf-^y'^ 
in ,abl.3 2 3 ^ 

^-lat the four year old's 
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representational space Is predomi .antly topolo-icnl. in 
modes (2), (3), and (^l) four year olda actually oreferrert 
the non-hpneomorphic 'copies of the model as "most like" 
. :the model significantly above chance exoectation . In 
addition they selected the homeomorphic copy as the "worst' 
copy of the model sip;nif icantly above chance levels in 
modes (3) and (it). Analysis of Variance and Duncan's 
Multiple Ran.rre Test failed to produce evidence that 
topolof^ical concepts dominate the four year old's repre- 
sentational. 

Ninety percent of the drawin-s made by the four 
year olds after tactile examination failed to be topolog- 
ically equivalent to their respective models. The percent 
of drawin-s for the four year olds v/hich were topologically 
equivalent to their respective models increased to ^10 
percent after visual examination. Yet not one four year 
old made a drawing v/hich preserved only topological pro- 
perties. It is hypothesized that it is the increasing 
coordination of the projective and Euclidean concepts 
which produce the homeomorphlc drawings. 

This study should not be interpreted as a refutation 
of Piaget's theory of the development of representational 
space. Only two topological properties were under con- 
sideration, namely connectedness and openness and closed- 
ness of curves. Studies are needed to investigate other 
topological properties. Also, other tasks should be 
used to investigate the properties of concern in this study. 



ERIC 



^1 



-cexvec nea.l. attention that ... 

^LilH^ has .ecel.ea. ..t the .eone^r^^^^^^ 

^ e:eon,e„ry content in thc- 

elcsientary school Is ch-,„„,„^ 

th,. , , " -<^n^W ranirtl;,. Placet. s theo.. 

tha. topological properties aevelon f^rst m th 
. , ..-rst m the child 

IS ancreasint^lv nq,^H ^ 

' " " ^ Btructurm. 
tae ,eo:netry secuence. theory such a- P- 

° Placet's, with 

Its possible imol1c»"-i 

- , -^P^ — ns for the ele.enta.y .athenatic. 

curriculum should be dealt uith 

, , "^^^ "^'^ thoroughly than 

nas been the case snn fv.^ 

ana fror, various vlevmo^'ntc, „.^v, 
as wpn . ''points, mathematical 

as ;.ell as psychological. 
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